The Dual-Axis Radiographic Hydrodynamic Test (DARHT) Facility Mitigation Action Plan specifies the comparison of baseline conditions in biotic and abiotic media with those collected after operations have started. Operations at DARHT at Los Alamos National Laboratory started in 2000. In this study, the abundance and composition of birds collected near the DARHT facility from 2003 through 2006 were determined and compared to a preoperational period (1999). In addition, the levels of radionuclides and other inorganic chemicals in birds were compared to regional statistical reference levels (RSRLs). The number and diversity of bird species generally increased over preoperational levels with the greatest number of birds (412) and species (46) occurring in 2005. The most common bird species collected regardless of time periods were the chipping sparrow (Spizella passerina), the Virginia's warbler (Vermivora virginiae), the western bluebird (Sialia mexicana), the broad-tailed hummingbird (Selasphorus platycercus), the sage sparrow (Amphispiza belli), and the western tanager (Piranga ludoviciana). Most radionuclides, with the exception of uranium-234 and uranium-238, in (whole body) birds collected after operations began were either not detected or below RSRLs. Uranium-234 and uranium-238 concentrations in a few samples were far below screening levels and do not pose a potential unacceptable dose to the birds. In contrast, many inorganic chemicals, particularly arsenic and silver, in birds collected before and after operations began were in higher concentrations than RSRLs. Because birds (skin plus feathers) collected in the years before operations began contained higher levels of arsenic and silver than RSRLs and because there was no evidence of these metals in soil and sediment directly around the DARHT facility, the elevated levels of these metals in birds during early operations are probably not related to DARHT operations. Arsenic and silver in birds, however, have decreased over time to near background levels in 2007.
INTRODUCTION
The U.S. Department of Energy (DOE) prepared and issued a Mitigation Action Plan (MAP) for the Dual-Axis Radiographic Hydrodynamic Test (DARHT) facility at Los Alamos National Laboratory (LANL) in response to a Record of Decision (USDOE 1995a) for the DARHT Environmental Impact Statement (USDOE 1995b) . The DARHT MAP documents, in part, the DOE's commitment to protect natural and cultural resources during the construction, operation, and decommissioning phases of the DARHT facility (USDOE 1996) . One of the initial tasks identified in section VIII.A.1(a) of the MAP mandates the measurement of radioactive and other chemicals in soil, sediment, plants, small mammals, bees, and birds during the construction phase of DARHT (1996 DARHT ( through 1999 . These data established baseline levels (Nyhan et al. 2001a ) so that comparisons could be made to samples collected after operations started to evaluate potential impacts.
Operations at DARHT started in 2000.
Although the abundance and composition of bird species were well documented during the preoperational period, the establishment of baseline levels for radionuclides and nonradionuclides in birds was incomplete . Thus, the purpose of this study was threefold: (1) compare the populations, composition, and diversity of bird species collected from 2003 through 2006 to preoperation levels (1999);
(2) establish a baseline for potential contaminants from birds collected from regional sites; and (3) compare these regional samples to samples collected near the DARHT facility from 2003 through 2006 (2003 through 2007 for metals) (operation phase).
METHODOLOGY a. Bird Sampling
Birds were collected according to the Monitoring Avian Population and Survivorship protocol of one netting every 10 th day starting in May and extending to August. To this end, 12 mist nets measuring 12 m (39 ft) long by 3 m (10 ft) high and spaced approximately 46 m (150 ft) from one another were located on a 1.6-km-long (1 mile) transect along the edge of Cañon de Valle on the west side of the DARHT facility (Figures 1 and 2 ). Starting at first light, the mist nets were stretched across two poles and checked for birds at 30-to 45-minute intervals. When a bird was captured in the net, it 
b. Diversity Comparisons
The following four indices of diversity were used to compare the bird populations between 1999 (preoperational) ) and 2003 . First, Shannon's index of species diversity (Zar 1974 ) was used to estimate community richness as
where Pi = proportion of species i in sample, and S = number of species; the corresponding test for evenness is J = H/H max 6 where H max = maximum possible diversity (i.e., logS).
An estimate of the similarity in the species composition among the sample populations was calculated with Sorensen's Presence Community Coefficient (SPCC), which was described by Mueller-Dombois and Ellenberg (1974) as
where C is the total number of species common to two samples, A is the total number of species in Sample A, and B is the total number of species in Sample B. If the same species were found in both samples, the community coefficient would be 100, whereas if they had no species in common, the community coefficient would be 0.
Sorensen's Quantitative Community Coefficient (SQCC), which estimates the similarity in the relative abundance of species between samples, was also calculated. 
c. Comparison Levels of Elements in Biota
To evaluate potential impacts from radionuclides and inorganic chemicals, the analytical results of bird samples collected near the DARHT facility were compared to regional statistical reference levels (RSRLs). RSRLs are the upper-level background concentration (mean plus three standard deviations = 99% confidence level) derived from birds collected from regional areas and represent fallout and natural sources. Where the levels of radionuclides exceed RSRLs, we compared the concentrations to biota dose screening levels (SLs). SLs were developed to identify the contaminants of potential concern at 10% of the 0.1 rad/d standard for terrestrial animals (USDOE 2002) . If a constituent exceeds a SL, the reason for that increase is more thoroughly investigated.
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Also, if any radionuclides exceed a SL, a dose using all of the measured radionuclides is calculated and compared to the standard. There are no SLs for inorganic chemicals in tissues of birds; however, when available they are compared to toxicity values in the literature.
d. Determining the Composition of Uranium
To determine the source of uranium in birds at the 99% confidence level, the uranium isotopic distribution of 234 U and 238 U, which for naturally occurring uranium is one, was assessed using the following steps: (1) 
RESULTS

a. Abundance and Composition of Birds
The number and composition of birds collected near the DARHT facility from Keller and Nyhan (2001) .
Although the diversity and the frequency of the most common bird species did not substantially change between time periods, the overall composition in the type and Mountain region may change the composition of bird species considerably (Hutto 1995 , Kotliar et al. 2002 , Smucker et al. 2005 . a metal used as a substitute for the enriched uranium in weapon components tested at LANL, has also been detected in soil and vegetation (Fresquez 2004) , bees (Hathcock and Haarmann 2004) , and small mammals (Fresquez 2005) around the DARHT facility.
Although some of the bird samples contained uranium isotopes above RSRLs, the levels were far below SLs and do not result in a potential unacceptable dose to the birds. Table 3 
c. Trace Element Concentrations
There were many inorganic chemicals detected above RSRLs in bird samples collected near the DARHT facility from 2003 through 2007 (Table 4) . The inorganic chemicals above the RSRLs in two or more bird samples included aluminum (Al), barium (Ba), iron (Fe), magnesium (Mg), manganese (Mn), arsenic (As), lead (Pb), silver (Ag), thallium (Tl), and mercury (Hg). While most of these metals in birds were just above the RSRLs, the highest amount of As (0.90 mg/kg) and Ag (0.60 mg/kg) were about one and two orders of magnitude higher than background, respectively. Because bird pelts (skin plus feathers) collected before the start up of operations showed higher concentrations of these metals than RSRLs ) and because there is no evidence of these metals being elevated in soil and sediment collected directly around the DARHT facility (Fresquez 2005 and , the source of these metals may be from other sites other than the DARHT facility.
The metals in these wild birds may be from either of two sources. One possibility is that they picked up these metals during their annual migrations to Mexico and Central or South America and the second possibility is that these metals were obtained from within Laboratory grounds. There are many potential release sites within Laboratory lands that may contain metals above background near the DARHT facility; but one in particular, a photographic outfall within Technical Area 16 that converges into Cañon de
Valle just upgradient of the DARHT area, contained Ag at one time up to 25,000 mg/kg in sediment, 15,000 mg/kg in soil, and 10 mg/kg in plants (Kasunic et al. 1985) . Although no data could be found of As and Ag in the tissues of wild birds to evaluate toxicity, there was one study that evaluated the toxicity of high levels of Ag in the drinking water supply of domestic poultry. Silver was harmful to chicks at concentrations as low as 100 mg/L in drinking water (Smith and Carson 1977) . Albeit the significance of this level is difficult to evaluate with regard to the natural Table 4 environment, given uncertainties with respect to exposure, feeding habits, and bioavailability, the highest concentration detected in surface waters within Cañon de
Valle was considerably below this referenced amount. Also, it should be noted that since 2006 the levels of Ag in birds have decreased sharply.
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